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Abstract 

 
Branched sulfonated poly(ether sulfone-ketone) copolymer was prepared with bisphenol A, 4,4-difluorobenzophenone, 
sulfonated chlorophenyl sulfone (40mole% of bisphenol A) and THPE (1,1,1-tris-p-hydroxyphenylethane). THPE was used 
0.4 mol% of bisphenol A to synthesize branched copolymers. Organic-inorganic nano composite membranes were prepared 
with copolymer and a series of SiO2 nanoparticles (20 nm, 4, 7 and 10 wt%). The composite membranes were cast from 
dimethylsulfoxide solutions. The films were converted from the salt to acid forms with dilute hydrochloric acid. The 
membranes were studied by differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). Sorption 
experiments were conducted to observe the interaction of sulfonated polymers with water and methanol. Branched copolymer 
and nano composite membranes exhibit proton conductivities from 1.12x10-3 to  6.04x10-3 S/cm2, water uptake from 52.9 to 
62.4%, IEC from 0.81 to 1.21 meq/g and methanol diffusion coefficients from 1.2x10-7 to 1.5x10-7 cm2/S. 
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1. Introduction 
 

Proton conduction in polymer electrolyte membrane is an 
intimate function of proton transportations and associated 
water molecules which is strongly dependent on the 
microstructure and acidity. Investigations in this laboratory 
have been focused on the synthesis of branched polymers 
with trihydroxy co-monomers as a branching agent and the 
study of their properties [1,2]. Branched polymers can be 
synthesized using any of previous processes by a small 
amount of polyfunctional branching agent monomer such as 
triphenols, tetraphenols, dihydric phenols, and hydroxy 
carboxylic acid. 

This work is therefore an attempt to synthesize branched 
sulfonated poly(ether sulfone-ketone) copolymer containing 
amorphous and crystalline regions in virtue of sulfone and 
ketone groups respectively. The polymer upon suitable 
structural modifications will be tending to exhibit a number 
of desirable properties including dimensional stability, good 
mechanical strength and reasonably high ionic conductivity. 
Organic-inorganic nano composites were prepared with a 
series of SiO2 nano particles (4, 7 and 10 wt% of polymer). 
The membranes were evaluated by thermal properties, 
proton conductivity, water uptake, methanol permeability, 
and ion exchange capacity (IEC). 

 

2. Experimental and Results 
 

Polymer synthesis: In a 150 ml three-necked round flask, 
equipped with a Dean–Stark trap, a condenser, a nitrogen 
inlet, bisphenol A (7 mmol), 2,2’-disodium-4,4’-difluoro- 
phenylsulfone (2.8 mmol), 4,4’-difluorobenzophenone (4.2 
mmol), THPE (0.4 mol% of bisphenol A) and K2CO3 (8.4 
mmol) were dissolved in a mixture of NMP 25 ml and 
toluene 25 ml. The mixture was refluxed for 4 h at 150 , ℃
and then excess toluene was distilled off. The mixture was 
heated at 180  for 12 h. The reaction mixture was cooled ℃
to room temperature and poured into water to precipitate the 
copolymer. The composite membranes were prepared by 
mixing of the copolymer and alternating SiO2 (4, 7 and 
10wt %) in DMSO. The mixed solution was cast at 85 ℃ 
for 10 h. The prepared membrane was acidified with 0.1 N 
HCl solution. 

The branched sulfonated poly(ether sulfone-ketone) 
copolymer was synthesized by reaction of bisphenol A with 
a fluorobenzophenone, 2,2’-disodium-4,4’-difluorophenyl- 
sulfone, and THPE as a branching agent in the presence of 
potassium carbonate in a NMP/toluene solvent system (Fig. 
1). The polymerization was studied with changing 
branching in amount of 0.1-1.0 mol% relative to mol of 
bisphenol A employed. Polymers containing over 0.5 mol% 
of THPE were insoluble and polymers containing 0.4% of 
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THPE showed suitable properties. The content of 
disulfonated units was 40 mol% of bisphenol A. Thermal 
behavior of the membranes was investigated by DSC. The 
Tg value of the composites (Tg; <150 ) w℃ ere lower than 
those of the copolymer (Tg; 158 )℃ , and showed a broad 
area because the presence of SiO2 nano particles causes free 
volume of inoic channels by hydrogen bonding of SiOH, 
water and SO3H groups [3.4].  
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Fig. 1. Synthesis of branched sulfonated poly(ether 
sulfone-ketone) copolymer. 
 
 

The surface characterization of the branched membrane 
can be identified by SEM in Fig. 2. They clearly showed the 
presence and distribution of the size of pores in big image. 
The distribution of pores over the surface was homogeneous 
and uniform. The pore sizes in sulfonated branched polymer 
are 40-50 nm in (a) image and SiO2 nanoparticles are 20-30 
nm in (b) image. Their uniform sizes and even distributions 
ensure a desirable and efficient conductivity of protons 
besides a sufficiently large interfacial area between the 
hydrophobic and hydrophilic interface [4,5]. It seemed that 
SiO2 nanoparticles would be arranged through the channel 
because of strong hydrogen bonding with hydrophilic SiOH 
and water. The further study will be performed with 
surfactants 

 
 

 
 

Fig. 4. SEM of Br-SPESK membrane (a, small image) 
and Br-SPESK/SiO2 7% membrane (b, large image). 
 
 

The addition of SiO2, which increases water uptake, had 
low IEC. The methanol permeability values for the 
copolymer and composites (4, 7, and 10%) were in the 
range of 1.2-1.5×10-7cm2/S which is lower than that of 
Nafion (2.17×10-8cm2/S). The low methanol permeability 
indicates potential for the present hybrid membranes in 

DMFC applications. The proton conductivity of the 
composite membranes did not show an improvement at 
room temperature, and were lower than those of the 
copolymer membrane and Nafion 112. But they are 
improved at an elevated temperature. From the Fig. 7, it is 
believed that hydroxyl group of SiOH provides the sites 
from hydrogen bonding between the polymer and water, 
because the SiO2 nanoparticles were observed to retain 
water, even at high temperature [4,5]. 
 
 

 
 
 
 

 
 
 
 
 
 
 

Fig. 7. Proton conductivity for membranes: Nafion112 
(♦), Br-SPESK (■), Br-SPESK /SiO2 4% (●), Br-SPESK 
/SiO27% (x), Br-SPESK/SiO210% (▲) 

 
 

3. Summary 
 

Both copolymer and composite membranes showed the 
improvement of methanol permeability compared to Nafion. 
The composite membranes had lower proton conductivity 
than the copolymer membrane, but the higher performance 
was illustrated at elevated temperature. Organic-inorganic 
composite membranes would offer the promise of many 
benefits at high temperature operation. 
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